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[57] ABSTRACT 
An EEPROM includes an array of memory cell transis 
tors, which is divided into cell blocks each including 
NAND cell units of series-connected cell transistors. A 
sense ampli?er is connected to bit lines and a compara 
tor. A data-latch circuit is connected to the comparator, 
for latching a write-data supplied from a data input 
buffer. After desired cell transistors selected for pro 
gramming in a selected block are once programmed, a 
write-verify operation is performed. The comparator 
compares the actual data read from one of the pro 
grammed cell transistors with the write-data, to verify 
its written state. The write-verify process checks the 
resulting threshold voltage for variations using ?rst and 
second reference voltages de?ning the lower-limit and 
upper-limit of an allowable variation range. If the com 
parison results under employment of the ?rst voltage 
shows that an irregularly written cell transistor remains 
with an insufficient threshold voltage which is so low as 
to fail to fall within the range, the write operation con 
tinues for the same cell transistor. If the comparison 
results under employment of the second voltage shows 
that an excess-written cell transistor remains, the block 
is rendered “protected” at least partially. 

2 Claims, 15 Drawing Sheets 
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ELECI'RICALLY ERASABLE AND 
PROGRAMIVIABLE NON-VOLATILE MEMORY 
SYSTEM WITH WRITE-VERIFY CONTROLLER 

USING TWO REFERENCE LEVELS 

This is a continuation of application Ser, No. 
07/851,286, ?led on Mar. 12, 1992, now US. Pat. No. 
5,321,699. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to semicon 

ductor memory devices, and more particularly to an 
electrically erasable and programmable nonvolatile 
semiconductor system including an array of memory 
cell transistors. 

2. Description of the Related Art 
With the increasing need for high performance and 

high reliability of digital computer systems, it is becom 
ing more necessary to develop a large-capacity non 
volatile semiconductor memory that can be an alterna 
tive to the existing external data-storage medium, such 
as a magnetic diskette, a ?xed disk unit (which is also 
called the “hard disk unit”), or the like. 

Recently, to ful?ll the demand, a speci?c electrically 
erasable programmable non-volatile read-only memory 
(EEPROM) has been developed, wherein the integra 
tion density of memory cells is greatly enhanced by 
reducing the number of transistors required to form the 
cell array on a chip substrate of limited size. The EE 
PROM of this type is generally called a “NAND-cell 
type EEPROM” or “NAND type EEPROM,” wherein 
a plurality of series circuits of ?oating gate timneling 
metal oxide semiconductor (FATMOS) ?eld effect 
transistors each serving as a l-bit storage cell are ar 
ranged so that each of these circuits is connected to a 
corresponding bit line via a switching transistor. The 
switching transistor is rendered conductive, when des 

10 

15 

25 

30 

35 

ignated, thereby to selectively connect a series circuit of 40 
memory cell transistors to a corresponding bit line asso 
ciated therewith, and is called a “select transistor.” The 
series cell-transistor circuits with the select transistors 
are called the “NAND cell units” in most cases. 
Each NAND cell unit may include four, eight, or 

sixteen memory cell transistors, each of which has a 
control gate connected to a corresponding word line 
and a ?oating gate that may be charged with charge 
carriers selectively. Since each “memory cell” includes 
only one transistor, the integration density of the EE 
PROM can be improved to increase the total storage 
capacity thereof. 
With presently available NAND type EEPROMs, 

the remaining non-selected memory cell transistors in 
each NAND cell unit serve as the “transfer gates” for 
transferring a data-bit to a target cell being presently 
selected during a write operation. Looking at a certain 
NAND cell unit, a select transistor turns on, causing 
this cell unit to be coupled to a corresponding bit line 
associated therewith. When a given cell transistor is 
selected, those non-selected memory cell transistors 
located between the select transistor and the selected 
cell transistor are rendered conductive (turn on). If a 
l-bit data to be written (write-data) is of a speci?c logi 
cal level (“1” or “0,” typically “l”), a data voltage 
supplied from the bit line is transferred to the selected 
cell transistor through the non-selected cell transistors. 
Charge carriers are injected from the drain to the ?oat 
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2 
ing gate of the selected cell transistor, charging the 
?oating gate. The resultant threshold voltage of the 
selected cell transistor changes, causing the write-data 
to be programmed into the selected cell transistor. 
To improve the operating reliability, the non-selected 

cell transistors serving as “data-transfer gates” during a 
write (program) or read operation are compelled to 
meet the following speci?c requirement: they are lim 
ited in variation of threshold voltages thereof. The 
threshold voltages of these cell transistors should not 
vary to fall out of a predetermined range (allowable 
variation range). Otherwise, the write-data to be pro 
grammed in the selected cell transistor itself will be 
varied in potential among the NAND cell units, with 
the result of the programming reliability being de 
creased. 
With a presently available programming technique 

for NAND type EEPROMs, it is not easy to meet the 
above requirement. This may be because the number of 
memory cell transistors on a chip substrate tend to differ 
from one another due to inherent deviation either in the 
manufacturing process or in the physical conditions or 
therefore less than optimal. Such threshold-voltage 
variation undesirably permits the coexistence of an 
easy-to-write cell and a dif?cult-to-write cell on the 
same chip substrate, which makes it dif?cult for an 
access operation to maintain consistency and uniformity 
throughout the cell transistors. The resultant operating 
reliability can no longer be excellent as required. 
A similar problem exists during an erase operation. 

The resulting threshold voltage of a once-erased cell 
transistor-—i.e., a cell transistor into which a logic “0” 
has been written-should be potentially greater than a 
predetermined negative level. Otherwise, a sufficient 
erase performance cannot be achieved; in the worst 
case, this may lead to the generation of an erase error. 
The threshold voltage of the erased cell transistor will 
affect the actual amount of a current (readout current) 
that may flow therein during a read period, which 
amount has a direct relation to the data-accessing speed 
of EEPROMs. In this respect, the threshold-value con 
trol is very important. If an insuf?ciently erased mem 
ory cell remains after the erase operation, its resulting 
threshold voltage will increase beyond the upper-limit 
of the allowable variation range when a logic “1” is 
written thereinto during a subsequent program period. 
Such surplus of the threshold voltage causes the excess 
write generation ratio to rise undesirably. As the inte 
gration density of the NAND type EEPROMs in 
creases, the threshold-voltage control architecture for 
memory cells during write/erase operations becomes 
critical. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a new and improved non-volatile semiconduc 
tor memory system. 

It is another object of the invention to provide an 10 
electrically erasable and programmable non-volatile 
semiconductor memory system that can successfully 
perform a required program operation with higher reli 
ability. 

In accordance with the above objects, the present 
invention is addressed to a speci?c non-volatile semi 
conductor memory system, which comprises an array 
of rows and columns of memory cells comprising elec 
trically erasable and programmable memory cell tran 
sistors, and a charge/discharge control unit connected 
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to the array, for causing a sub-array of memory cell 
transistors selected from the array to change a threshold 
voltage thereof by changing the amount of electrical 
carriers being charged therein. The system further com 
prises a verify unit for verifying a resultant electrical 
state of the selected memory cell transistors by check 
ing their threshold voltages for variations using a ?rst 
reference voltage and a second reference voltage poten 
tially greater than the ?rst voltage, and for, when a cell 
transistor exists having an insufficient threshold voltage 
which is potentially out of a speci?c range de?ned by 
the ?rst and second voltages, performing an additional 
charge-amount change operation for a predetermined 
period to cause the electrical state thereof to be made 
closer to a suf?cient state. 
The foregoing and other objects, features, and advan 

tages of the invention will become apparent from the 
following more particular description of preferred em 
bodiments of the invention, as illustrated in the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the internal circuit 
con?guration of a NAND type electrically erasable 
programable read-only memory in accordance with one 
preferred embodiment of the invention. 
FIG. 2 is a diagram showing the circuit con?guration 

of a memory cell array section of the EEPROM of FIG. 
1. 

FIG. 3 is a diagram showing a plan view of one the 
NAND cell units of FIG. 1. 
FIG. 4 is a diagram showing the enlarged cross-sec 

tional view of one the memory cell transistors of the 
NAND cell unit taken along the line IV -—IV of FIG. 3, 
and 
FIG. 5 is a diagram showing another enlarged cross 

sectional view of the memory cell transistor along the 
line V-V of FIG. 3. 
FIG. 6 is a diagram showing the circuit con?guration 

of a sense ampli?er, data latch circuit, a comparator, a 
data input/ output buffer shown in FIG. 1. 
FIG. 7 is a diagram showing the internal circuit con 

?guration of a word-line controller of FIG. 1. 
FIG. 8 is a diagram sowing the internal arrangement 

of a verify-voltage generation circuit associated with 
verify-voltage supply circuits shown in FIG. 7. 
FIG. 9 is a diagram showing a circuitry for driving 

?rst and second select-gate lines of FIG. 2. 
FIG. 10 is a diagram showing the internal arrange 

ment of a verify-timing controller of FIG. 1. 
FIG. 11 is a diagram showing the waveforms of the 

main signals generated at the main portions of the EE 
PROM shown in FIGS. 1 through 9. 
FIGS. 12 to 16 are ?owcharts for ?ve major write 

verify operations to be performed on to the EEPROM. 
FIG. 17 is a diagram showing the matrix arrangement 

of an array of memory cells of a NOR-cell type EE 
PROM, to which the present invention may also be 
applied. 
FIG. 18 is a graph showing the threshold-voltage 

characteristics of the NAND type EEPROM having 
the memory cell array shown in FIGS. 1 to 5. 
FIG. 19 is a graph showing the threshold-voltage 

characteristics of the NOR type EEPROM having the 
memory cell array shown in FIG. 17. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 1, a NAND-cell type EE 
PROM in accordance with one preferred embodiment 
of the invention is designated generally by reference 
numeral “10.” The NAND type EEPROM 10 includes 
a memory cell array section 12, which includes an array 
of memory cells arranged in rows and columns to pro 
vide a matrix con?guration. The cell array section 12 is 
associated with a row decoder circuit and a column 
decoder circuit, which are well known and not shown 
in FIG. 1. 
Two controller circuits 14 and 16 are connected to 

the cell array section 12. The ?rst controller 14 is con 
nected to a plurality of parallel address-control lines 
(word lines) of cell array section 12, for providing the 
word lines with control voltage signals in an erase, a 
write (program), and a read mode. This circuit is called 
the “word line controller.” The second controller 16 is 
connected to a plurality of parallel data transfer lines 
(bit lines) of cell array section 12, for providing the bit 
lines with control voltage signals in the erase, the pro 
gram, and the read mode. This circuit is called the “bit 
line controller.” 
The word line controller 14 is connected to a high 

voltage generator 18, which provides controller 14 with 
a speci?c voltage of predetermined potential level as 
the high voltage Vpp. This high voltage Vpp is a 
boosted voltage that is potentially greater than the 
power supply voltage Vcc of EEPROM 10. Typically, 
voltage Vpp may be 20 volts when the power-supply 
voltage is 5 volts. Word line controller 14 and bit line 
controller 16 are connected to a midlevel voltage gener 
ator 20, which generates an intermediate-level or mid 
level voltage Vm. Midlevel voltage Vm is potentially 
less than high voltage Vpp and greater than the ground 
potential (a substrate potential Vs). Midlevel voltage 
Vm may be 10 volts. 
The word line controller 14 and the bit line controller 

16 are connected to an internal address generation cir 
cuit 22, which provides them with an internal address 
signal designating a given cell address in the memory 
space of array section 12. Controllers 14, 16 are respon 
sive to address generator 22 to cooperate in every oper 
ation mode of EEPROM 10. Address generator 22 
operates in response to the output signal of a verify 
voltage generation circuit 24, which is controlled by a 
verify-timing controller circuit 26. The functions of 
these circuits will be described later. 
As shown in FIG. 1, the cell array section 12 is also 

associated with a sense ampli?er circuit 28 by way of 
the bit lines. Sense ampli?er 28 senses and ampli?es a 
data voltage that is read from one of the bit lines being 
presently selected during a read period of EEPROM 10. 
Sense ampli?er 28 is responsive to the bit line controller 
16. The output of sense ampli?er 28 is connected to a 
known input/output (I/O) buffer 30. 
The output of the sense ampli?er 28 is connected to a 

comparator circuit 32 at its ?rst input. Comparator 32 
has a second input, to which a data input buffer circuit 
34 is connected via a data latch circuit 36. Buffer 34 
fetches data voltages. These data voltages may include 
a write-data voltage being given to a selected one of the 
bit lines of cell array 12, and a data-erase voltage that is 
applied to the word lines and a P-type substrate (to be 
shown in FIG. 3). Latch circuit 36 temporarily latches 
the output voltage of buffer 34. More speci?cally, latch 
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circuit 36 latches a voltage indicative of a data to be 
written again (rewritten) in accordance with a column 
address provided by internal address generator 22 dur 
ing a write verify period, which will be described later. 
The comparator 32 compares a data value latched in 

the latch circuit 36 with a read data supplied from the 
sense ampli?er circuit 28 during a verify period, to 
detect whether or not these are potentially coincident 
with each other. Comparison of such potential coinci 
deuce will be repeated with respect to each column 
address. Each comparison result may be temporarily 
stored and held within comparator 32. The output of 
comparator 32 is connected to another buffer 38. This 
buffer may be called the “data input/output buffer.” 
Data buffer 38 is also associated with the above-men 
tioned I/O buffer 30. The output of I/O buffer 30 is 
supplied to latch circuit 36. 
As shown in FIG. 1, the comparison output of com 

parator 32 is connected via data buffer 38 to a verify 
termination detecting circuit 40. This detector 40 deter 
mines a speci?c time point for termination of the verify 
operation, in response to the comparison result signal of 
comparator 32, and generates a termination signal. This 
signal is supplied to a cell-block managing circuit 42. 
When the write-verify operation is succeeded in a se 
lected cell block of cell array 12, cell-block manager 42 
selects another cell block from cell array 12 as a target 
block to be subsequently programmed, and generates a 
block select signal, which is then supplied to verify-tim 
ing controller 26. Alternatively, when the selected cell 
block fails upon its write-verify operation, cell-block 
manager 42 forces the cell block to be eliminated in 
access from the cell blocks use as a “unusable block,” 
thereby managing to “protect” this block. The opera 
tion of a verify circuit section including circuit units 26, 
28, 32, 38, 40, 42 will be explained in detail later. 
The internal arrangement of the cell array section 12 

is as follows. As shown in FIG. 2, the NAND type 
EEPROM 10 has parallel bit lines BL and parallel word 
lines WL in memory section 12. Word lines WL insula 
tively intersect bit lines BL that are insulatively ar 
ranged on a chip substrate 44 (see FIG. 3). Control 
voltage signals Vcgl, Vcg2, . . . Vcg8 are applied by the 
controller 14 of FIG. 1 to word lines WL respectively. 
Bit lines BL are connected to controller 16 of FIG. 1. 
Each bit line BLi (i=1, 2, . . . , n) is connected to a 

series circuit MU of a predetermined number of floating 
gate tunneling metal oxide semiconductor (FATMOS) 
?eld e?‘ect transistors. In this embodiment, each series 
circuit MUi includes eight FATMOS transistors Mil, 
Mi2, . . . , Mi8 (i=1, 2, . . . , n). For example, a series 

circuit MU1 includes FATMOS M11, M12, . . . , M18. 

Each transistor Mij (i=1, 2, . . ., n; j=l, 2, . . . , 8) 
functions as a l-bit data storage element or “cell.” The 
series circuit of eight cells is hereinafter referred to as a 
“NAND cell unit,” and transistors M are as “memory 
cell transistors,” or simply “memory cells” in some 
cases. The arrangement of the upper half of the memory 
cell matrix shown in FIG. 2 is similar to the one de 
scribed above. The NAND cell units MU of FIG. 2 
constitutes one “cell block” on substrate 44. 

It is apparent from viewing FIG. 2 that the memory 
cell transistors Mil, Mi2, . . . , Mi8 are electrically con 

nected at their control gate electrodes to word lines 
WLl, WL2, . . . , WLS, respectively, in each NAND 
cell unit MUi. Each NAND cell unit MUi is connected 
to a corresponding bit line BLi through a ?rst switching 
transistor Qil, which may be a metal oxide semiconduc 
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6 
tor ?eld effect transistor (MOSFET). For example, 
NAND cell unit MU1 is connected to bit line BLl 
through MOSFET Q11. The MOSFETs Q1 (=Q11, 
Q21, . . . , Qn1) are commonly connected at the insu 

lated gate electrodes thereof to a select-gate line SGl. 
Each MOSFET Qil is selectively rendered conductive 
in response to a voltage signal Vsgl supplied to select 
gate line SG1, causing a NAND cell unit MUi associ 
ated therewith to be electrically connected to a corre 
sponding bit line BLi. The switching MOSFET Qil is 
referred to as a “?rst select transistor.” 
As shown in FIG. 2, the NAND cell units MU1, 

MU2, . . . , MUn are connected together to a common 

source line CS (common source voltage Vs) via second 
switching transistors (MOSFETs) Q2 (=Q12, Q22, . . . 
, Qn2), respectively. The source voltage Vs is poten 
tially equivalent to the ground potential, which is 0 
volts in this embodiment. Looking at NAND cell unit 
MUi for explanation purposes only, second MOSFET 
Q12 is connected between the source electrode of a 
?nal-stage memory cell transistor M18 included in 
NAND cell unit MU1 and the common source voltage 
Vs. The second MOSFETs Q2 are commonly con 
nected at their gates to a second select-gate line 862. 
Each MOSFET Qi2 effects a switching operation in 
response to a voltage signal Vsg2 supplied to second 
select-gate line SG2; when it turns on, a corresponding 
NAND cell unit MUi associated therewith is then cou 
pled to common source voltage Vs. The switching 
MOSFET Qi2 is referred to as a “second select transis 
tor” hereinafter. 
The plan view of the eight memory cell transistors 

M11 to M18 of NAND cell unit MU1 is illustrated in 
FIG. 3, wherein intermediate dielectric layers on or 
above a lightly-doped P type (P- type) substrate 44 are 
omitted for illustration purposes. Each memory cell 
transistor Mlj (j: l, 2, . . . , or 8) has a floating gate 46 
that insulatively overlies P- type substrate 44. The ?oat 
ing gate acts as a charge storage layer. Each memory 
cell transistor Mij also has a control gate electrode 48 
insulatively disposed over the ?oating gate 46. Control 
gate electrodes 48 extend linearly to function as the 
word lines WL. Note in FIG. 3 that the underlying 
?oating gate 46 is illustrated to be slightly wider than 
control gate electrode 48, for illustration purposes only, 
and that the width thereof is substantially same as that 
of the overlying control gate electrode 48 in a practical 
device. The ?rst and second select transistors Q11, Q12 
are arranged on both end portions of the series circuit of 
memory cell transistors M11 to M18. The select transis 
tors Q11, Q12 each have the insulated gate electrodes 
46, 48, which will be referred to as “select gate elec 
trodes.” 
The bit line BLl is formed of an elongate metal layer 

50, which may be an aluminum layer. This layer extends 
to insulatively intersect control gate electrodes 48, ?rst 
select-gate electrode 52, and second select-gate elec 
trode 54. In FIG. 3, layer 50 is illustrated to be partly 
cut away, for convenience of illustration, to reveal an 
underlying heavily-doped N (N +) type semiconductor 
diffusion layer 56 that is formed in the surface of sub 
strate 44. Layer 56 is kept at the common source voltage 
Vs. First select transistor Q11 is electrically connected 
at its drain layer 50 (bit line BLI) via a contact hole 58, 
which is formed in layer 50. The second select transistor 
Q12 is connected at the source thereof to common 
source voltage vs. 
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The sectional structure of one of the memory cell 
transistors M (memory cell M11, for example) included 
in the NAND cell unit MU1 is shown in detail in FIG. 
4. A thin dielectric ?lm 60 is deposited on the top sur 
face of substrate 44. Dielectric ?lm 60 is positioned in an 
element formation area de?ned by an element-separa- ' 
tion dielectric layer 62. Dielectric layers 60, 62 may be 
oxide films that are formed by a known chemical vapor 
deposition (CVD) technique. Dielectric ?lm 60 serves 
as a gate insulation ?lm of transistor M11. The ?oating 
gate 46 is stacked on gate insulation ?lm 60. The length 
thereof is determined so that it partly covers element 
separation layer 62 at its opposite end portions as shown 
in FIG. 4. Floating gate 46 is covered with another 
dielectric ?lm 64. Control gate electrode 48 is formed 
on dielectric ?lm 64. Floating gate 46 de?nes a prese 
lected capacitance between it and substrate 44; ?oating 
gate 46 also de?nes another capacitance between it and 
control gate electrode 48. Control gate 48 (word line 
WLI) is covered with a dielectric layer 66, on which 
metal wiring layer 50 (bit line BL1) is formed. 
The longitudinal cross-sectional structure of the 

NAND cell unit MU1 is illustrated in FIG. 5. A plural 
ity of N+ type semiconductor diffusion layers 68, 70, 
72, 74, 76, . . . , 78, 80, 56 are arranged in the substrate 
surface with a predetermined distance therebetween 
along the lengthwise direction of bit line BLl. N+ type 
layer 68 serves as the drain of ?rst select transistor Q11. 
As is apparent from viewing FIG. 5, this layer 68 is 
connected to metal bit-line layer 50 by way of contact 
hole 58. N+ type layer 70 serves as the source of ?rst 
select transistor Q11. This N+ type layer 70 also serves 
as the drain of adjacent memory cell transistor M11. 
Similarly, N+ type layer 72 acts as the source and drain 
of adjacent memory cell transistors M11, M12. The N+ 
type layer 56 functions as the source of second select 
transistor Q12; layer 56 is also connected to common 
source voltage Vs. 
The sense ampli?er circuit 28, comparator 32, data 

latch 36, and data input/ output buffer 38 shown in FIG. 
1 may be arranged as shown in FIG. 6, wherein sense 
ampli?er 28 and latch 36 are associated with a plurality 
of bit lines BL. Sense ampli?er 28 senses and ampli?es a 
certain voltage that appears on a bit line BLi corre 
sponding to a speci?c address ai, which is selected by a 
logical processing between a sense-control signal 
SENSE and one of address bits a0, a1, . . . , an. Latch 

circuit 36 temporarily stores, in a corresponding to 
latch section LAi, a data voltage that corresponds to the 
address speci?ed by a logical processing between a 
latch control signal LATCH and the selected address 
a1. 

The output of the sense ampli?er 28 and the output of 
latch 36 are connected by wiring lines 82, 84 to the 
comparator 32. Comparator 32 includes an inverter 86 
having an input connected to line 82, a two-input 
NAND gate 88 having inputs connected to line 84 and 
the output of inverter 86 and line 84, another inverter 90 
having an input connected to the output of NAND gate 
88, and a latch unit 92 essentially consisting of two 
transistors and two inverters connected together as 
shown in FIG. 6. Comparator 32 compares a data volt 

. age being latch by latch 36 with the output voltage of 
sense ampli?er 28, to generate a l-bit comparison result 
signal. The comparison result is held in latch unit 92 in 
response to latch signals LATCHV, LATCTV (to be 
typed as “LATCHV(bar)” hereinafter). Data input 
/output buffer 38 includes two inverters 94, 96, and a 
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8 
latch circuit 98 formed of two transistors. Latch unit 98 
is connected at its one terminal to a wiring line 100, 
which is coupled to data latch 36. A circuit node 101 
between inverter 96 and latch unit 98 is connected to 
the verify-termination detector 40 shown in FIG. 1. 
The internal circuit con?guration of the word-line 

controller 14 of FIG. 1 is illustrated in FIGS. 7 and 8, 
wherein only one controller circuit component associ 
ated with a word line WLj is shown as those associated 
with the remaining word lines are similar to the circuit 
of FIGS. 7 and 8. As shown in FIG. 7, controller 14 
includes ?ve voltage-generating circuits connected to 
word line WLj: a high-voltage supply circuit 102, a 
midlevel voltage supply circuit 104, a ?rst verify-volt 
age supply circuit 106, a second verify-voltage supply 
circuit 108, and a an erase/read control circuit 110. 
The high-voltage supply circuit 102 receives a 

boosted voltage Vpp provided by the high-voltage 
voltage generator 18 of FIG. 1, and supplies word line 
WLj with voltage Vpp when required. The midlevel 
voltage supply circuit 104 receives intermediate-level 
or midlevel voltage Vm supplied by voltage voltage 
generator 20 of FIG. 1, and applies this voltage .to word 
line WLj when word line WLj associated with circuit 
104 is kept non-selected during a program mode of 
EEPROM 10. First verify-voltage supply circuit 106 
selectively supplies word line WLj with a ?rst verify 
voltage Vverl in response to a write-verify control 
signal W-VERIFYI. Second verify-voltage supply cir 
cuit 108 selectively supplies word line WLj with a sec 
ond verify voltage Vver2 in response to a write-verify 
control signal W-VERIFYZ. The functional “alloca 
tion” between ?rst and second verify circuits 106, 108 is 
as follows: First circuit 106 is to verify a cell transistor 
being selected for programming and being presently 
subjected to a data-write operation to determine 
whether or not its resultant written state is potentially 
insuf?cient (insuf?cient write); second circuit 108 is to 
verify the same cell transistor to determine whether or 
not the resulting written state thereof is potentially in an 
excess state (excess-write). Erase/read control circuit 
110 is responsive to a read control signal READ, an 
erase control signal ERASE, and an erase-verify con 
trol signal E-VERIFY, and causes word line WLj to be 
set at a suitable potential as required. 
As shown in FIG. 7, the high-voltage supply circuit 

102 includes a series circuit of depression-type (D type) 
N-channel MOS ?eld effect transistors (FETs) Qdl, 
Qd2, a P-channel MOSFET Qpl, and an enhancement 
type (E-type) N-channel MOSFET Qel. FETs Qpl, 
Qel have the insulated gates connected to the output of 
a NOR gate G1, which has a ?rst input for an address 
bit ai, and a second input for a write control signal 
WRITE. High-voltage circuit 102 further includes a 
series circuit of a D-type N-channel MOSFETs Qd3, 
Qd4, and a P-channel buffering MOSFET Qp2. The 
gate electrodes of FETs Qdl, Qd3, Qd4 are connected 
together at a circuit node N1. The insulated gate elec 
trode of FET Qp2 is connected to the output of NAND 
gate G1. High-level circuit 102 is connected to word 
line WLj at a circuit node N2. Note that FETs 
Qdl-Qd4 may serve as potential protectors for FETs 
Qpl, Qp2; in particular, FET Qd4 acts to prevent the 
drain junction section of FET Qp2 from being set in a 
forward-biased condition when a positive voltage is 
externally supplied to word line WLj. 
The midlevel voltage supply circuit 104 is similar in 

arrangement to circuit 102 with the NAND gate G1 




















